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Abstract
Ewald, Daniel M.S. Department o f Economics, Wright State University, 2010. A Cost Benefit Analysis of
Proposed Picture Archiving and Communication System Upgrades for Ohio Health Radiology.

OhioHealth™ is a family of not-for-profit, faith-based hospitals and healthcare
organizations serving patients in central Ohio since 18911. The radiology department
consists of a group of 59 radiologists, who service 5 hospitals in Columbus, Springfield,
Newark, and Chillicothe. Beginning in 1999, the group transitioned to a system that
allowed the doctors to view CT scans and MRI exams digitally. Until that time the
doctors were required to read exams from printed images one at a time. For its time, this
system known as “Synapse,” was considered somewhat revolutionary. It allowed the
group which functions as an independent business separate from the hospitals they serve,
to significantly increase the number of exams they read over a given period of time.
Today this type of technology has become the standard throughout the industry,
although most groups have programs and features unique to their own business. As with
any hardware or software over time, once business needs change, so too does the desire
to update or alter the hardware or software. In the case of the Ohio Health group some
believe that the time has come for what could potentially be a costly upgrade. Among
other things, there has been some desire expressed by members of the group to create an
update that allows each doctor to view images from an exam in the order that he or she
desires and eliminate unnecessary steps in the process. Under the current system,

1 http://www.nchc.org/facts/cost.shtml

Synapse presents the images in a semi-customized, but often inconvenient order
that requires some time and energy to rearrange as the doctors see fit.
In the project ahead, we will examine this potential upgrade from a number of
perspectives. We will strive to understand the context of this dilemma from a historical
vantage point and hope to learn which criteria best served the industry a generation ago
when faced with similar circumstances. When possible we will look to leverage theory
for conducting this type of analysis within the industry and seek to understand the values
laid forth by the authors of those studies. We will evaluate perhaps the most important
concept to this cause, the significance of highly efficient workflow within the group and
how it relates to the technology that surrounds it. We will explore a number of potential
methods of analysis and question their relevance to this project. Finally we will compare
and contrast the options available to the Ohio Health Radiology group as they seek
continued growth within their practice. Using cost-benefit analysis, we will attempt to
present the group with a revealing and exhaustive report with which they can then use to
reach an informed decision about the future of their digital imaging system.
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Before we move forward with previous studies and an evaluation of our model,
there is a need to understand some of the underlying concepts and recent history in the
world of radiology. The field of radiology is one of the most competitive in all of
medicine, as top candidates vie for a limited number of positions out of medical school.
The field itself however continues to expand concurrently with advances in computer
technology and modern imaging.
Radiologists are medical doctors who specialize in the diagnosis of disease
through the procurement and interpretation of medical images. Radiologists use x-rays
and other radioactive substances to obtain these images. In addition, radiologists may use
sound waves, or special instruments that work with the natural magnetism of the body to
produce images. The radiologist will then corroborate the findings gathered from the
images with the results of other examinations and tests, and make determinations about
further examinations or testing necessary for treatment and diagnosis.
Diagnostic radiologists must complete 13 years or more of post-high school
education, including prerequisite undergraduate courses, four years of medical school,
and five years of post-graduate training. The first postgraduate year is usually a
transitional year of various rotations, but is sometimes a preliminary internship in
medicine or surgery. This is then followed by four or five years of a radiology residency
program consisting of a combination of lectures, conferences, and hands-on experience.
2 http://educationportal.com/articles/Radiologist:_Educational_Overview_for_a_Career_in_Radiology.html

Residents will spend time performing procedures using imagining technology that
can include ultrasound, MRI and CT scans. Upon the completion of residency, the
prospective radiologist becomes eligible to take the written and oral board examinations
administered by the American Board of Radiology (ABR).
After residency training, radiologists either begin their practice or may choose to
expand their expertise by entering into sub-speciality training programs known as
fellowships. Fellowship programs offer additional training in areas such as abdominal
imaging, thoracic imaging, CT/Ultrasound, MRI, musculoskeletal imaging, interventional
radiology, neuroradiology, interventional neuroradiology, pediatric radiology,
mammography and women's imaging.4 Fellowship training programs in radiology are
usually one or two years in length.
Over the last twenty years radiology has evolved dramatically with the
introduction of new technologies and procedures, and with those improvements have
come heightened expectations. The timeliness of information delivery, the accuracy of
radiologic diagnosis, and the overall standard of patient care has been taken to new
levels(Reiner et al.,2003). One of the largest changes has come through the introduction
of the Picture Archiving and Communication System (PACS) and the Digital Imaging
and Communications in Medicine (DICOM) standard.
PACS is an imaging management system designed originally for radiology alone
but has expanded as a resource for many other fields in medicine over the last decade
such as cardiology, dermatology, nuclear medicine, orthopedics, etc.(Trevino, 2005).

3 http://education-portal.com/radiologist_education.html
4 http://www.radiology.ucsf.edu/fellows/

Most PACS consists of different components, including technologies for:
•

Image Acquisition from Digital Imaging devices, including computed
tomography (CT), magnetic resonance imaging (MRI), ultrasonography,
computed radiography, digital fluoroscopy, angiography, and nuclear medicine.

•

Archival storage and retrieval from a database management system, including
short-term and long-term electronic storage for image information and workflow
management systems.

•

Display of images on diagnostic and clinical monitors

•

Communication through local and wide-area networks (a network physically
connects computers).

•

Interfacing between PACS and the radiology information system (RIS) to allow
the exchange of information and messages.(Creigton,1999)
Most PACSs manage the images and related study text within the system and then

deliver patient demographics and medical record information with the images and
radiology reports to the RIS (Radiology Information System) or an HIS (Hospital
Information System). This relationship is called interoperability, and it has clinical utility
on both sides of the connection. (Creigton,1999)
As mentioned, PACS can handle a wide range of image modalities from various
medical imaging instruments, including ultrasound (US), positron emission tomography
(PET), endoscopy (ENDO), mammograms (MG), digital radiography (DR), computed
radiography (CR), magnetic resonance (MR), and computed tomography (CT)5 The final
two (MR & CT), will be directly evaluated in our study.

5 http://www.associatedcontent.com/article/2103545/a_pacs_radiology_system_helps_you_get.html?cat=5

DICOM is the universal format for PACS image storage and transfer. Virtually all
imaging devices that are used in radiology, such as CT, MRI, ultrasound, and other
digital rooms, supports the DICOM standard for the exchange of images and related
information. Though it is not an official term, the DICOM standard has several levels of
support or different dimensions. These levels of support include the support for image
exchange for both senders and receivers, database connection and image retrieval
information, and enabling other devices to find out which images have been locally
stored so that they can be retrieved. 6

6 http://www.ringholm.de/docs/02010_en.htm

The Emergence of Filmless Imaging and its Impact on Radiology
The history of radiology, like most scientific fields, is one dotted with significant
breakthroughs and consequential progress. However, perhaps one of the most beneficial
leaps in this industry, the shift to digital imaging, took more of an incremental road to
reality. In fact, while it may seem obvious in retrospect that radiology was destined to go
digital, this improvement took by some calculations, over half a century to achieve.
Although the first digital computers were invented in the 1940’s, large gaps existed
between price and performance for many decades.
It wasn’t until the late 1970’s with the invention and clinical implementation of
magnetic resonance imaging (MRI), digital subtraction angiography in the early 1980s,
and of computed radiography in the middle 1980s, that the potential existed to acquire
any kind of radiologic image in digital form.(Thrall, 2005) The direct digital capture of
radiographs and mammograms took approximately another ten years, which places the
first true digital availability of acquisition devices that were satisfactory for all clinical
methods somewhere in the mid 1990’s
Concurrently, the development of networks, archives, workstations, and image
management systems (namely PACS) for an all-digital radiology department occurred
simultaneously with the development of these various image acquisition systems. James
Thrall, M.D. (2005) writes in an article for Radiology,
“The rapid development o f the components necessary to make PACS financially and
operationally feasible was not principally driven by the medical marketplace but rather
by the enormous demands o f other commercial and consumer sectors for higher-

performance, lower-cost computing power and associated workstations, networks, and
archives. ” (Thrall, 2005)
Although this transition to a fxlmless operation did not happen overnight, it did in
many respects force the hand of many in the radiology community to decide whether the
switch would be feasible from an operations and cost-benefit perspective. The switch to a
digital platform would require not only changes to how the exams were viewed, but how
they were stored, how they were shared, how they were delivered, and how the workflow
in general would be handled in this new environment. The switch also would not come
cheap. The equipment and maintenance costs would require significant evidence that this
change would yield substantial benefits that could be realized both by patients and
doctors alike. As a result, numerous studies were conducted in an attempt to quantify
what types of benefits radiologists could expect from the move to digital platforms and
the PACS/DICOM standard. We now turn our attention to a few of these studies in the
hopes of understanding the significance of these upgrades and the relevance they might
present to our own project.

In a study conducted between fiscal years 1993 & 1996, Dr. Bruce Reiner M.D.
along with several others, evaluated the data collected between two comparable medical
institutions during that time, the Baltimore Veterans Affairs Medical Center and the
Philadelphia Veterans Affairs Medical Center. The Baltimore center made the switch to a
large-scale PACS late in the fiscal year 1993 while the Philadelphia center remained
film-based. The Philadelphia center was chosen as a control site due to its similarities
with the Baltimore center in patient demographics, academic affiliation, geographic
location, and volume of studies.
Data for imagery services was collected and evaluated for frequency of
examinations and weighted work units. As defined by the Veterans Affairs Medical
System, 1 weighted work unit equaled 8 minutes of technologist time in the performance
of an imaging procedure. The data were correlated with inpatient census and outpatient
data available from the medical administration service workload reports at both local and
national levels. Reiner et al. (2000) calculated the outpatient utilization ratio by dividing
the number of outpatient examinations by the number of outpatient visits. The inpatient
utilization ratio was calculated by dividing the number of inpatient exams by the number
of hospital days.
The results revealed some staggering statistics. The Baltimore center increased
the number of inpatient examinations by 71% between 1993 and 1996 compared to just

7% in Philadelphia. Outpatient examinations also increased by 59% in Baltimore as
compared to 30% in Philadelphia. Perhaps even more revealing, the examinations per
patient day increased by 82% in Baltimore from .265 to .483 compared to a more modest
38% in Philadelphia (.263 to .362). Finally it is also worth noting that the mean length of
stay in Baltimore decreased by 22% from 10.2 days to 8.0 days during this span. This is
compared to a national decrease of 14% and just an 8% decrease in Philadelphia.

Table 1.1 Comparison o f Inpatient and Outpatient Utilization for Fiscal Years 1993 &
1996. Reiner et al., (2000)
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Some key components that the authors of this study point out in regards to these
findings are that the utilization of radiologic services has a major effect on both quality of
patient care and reimbursement and both should be considered. The data shown here
confirmed a trend during this time frame of a relative decline in the use of general
radiologic examinations in favor of high-technology modalities such as CT and MR
imagining. However this trend was likely accentuated with the implementation of PACS
in this study. (Reiner et al., 2000)

From a financial perspective the authors are careful to point out that there is an
intimate relationship between the utilization of imaging services and the type of payer
contracts within the radiology group. Specifically, it should be understood that a higher
incentive exists for radiologists who are financially rewarded for increased utilization as
in traditional fee-for-service models. In contrast, capitation or managed care contracts
provide disincentive to radiologists to increase the volume of exams, because this
requires additional resources without additional compensation. This will become relevant
in determining standing in our project later.
While the authors stop just short of saying that a causal relationship exists
between the transition to filmless operation and the increases in the utilization of
inpatient and outpatient imaging services, they do speculate that the use of PACS played
a major role. They also point out that radiologists have been taught that the best way to
increase or maintain referrals for imagining examinations is to decrease report turnaround
times, decrease patient waiting times, and provide easier access to images and reports.
The transition to filmless operation in Baltimore appears to have accomplished all of
these. Radiologists’ reporting times decreased from an average of more than 10 hours to
approximately 30 minutes while overall report turnaround time decreased from 26 hours
to around 2 hours. (Reiner et al., 2000)
Finally, the authors suggest that the economic implications of increased utilization
of filmless operation are profound. The use of PACS in Baltimore resulted in the ability
to maintain previous levels of personnel and other resources, despite increases in the
volume of almost 50% and in the total weighted work units by 69%. They do however

caution that financial and clinical effects of an increase in utilization will depend on a
number of factors specific to individual imaging departments.

Table 1.2 Change in Total Number o f Examinations and weighted work units between
1992 & 1996. Reiner etal, (2000)
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Our second evaluation looks at the film vs. filmless environment from a slightly
different perspective. In 1996, Steve Langer and Jihong Wang created a cost-benefit
analysis using a series of customizable spreadsheets that could be manipulated by any
radiology department to determine where a break-even could be expected with the
implementation of a filmless system. Their spreadsheets modeled both film-based and all
digital departments and used only differential costs, that is, only equipment and staff that
would be changed in each case. To calculate workload, Langer and Wang (1996) tracked
all patient data transactions from admittance through exam scheduling, exam creation,
interpretation, archiving, and post-interpretation exam release to other departments, and
classed the transactions into two categories: patient initiated and care provider initiated.
Next Langer and Wang (1996) evaluated the performance of various parameters
within the workflow such as scanner throughput per hour, records fetch time (both within
and outside of the Radiology department), image viewing conditions, and archival
requirements. The thought being that by quantifying the throughput of equipment and
personnel, and comparing these figures with the workload, they could estimate hardware
and staffing needs.
Costs were then broken down into two categories, capital and annual
“maintenance.” The capital budgets calculated the number of units needed for each task
based on defined workload and throughput per unit hour. Annual costs were broken down
by personnel and hardware. Personnel costs included salaries and benefits whereas

hardware included consumables (disks and film), waste disposal for photographic
chemistry, and service contracts.
As Langer and Wang (1996) point out, it is almost impossible for outsiders to
attempt to quantify the workload, performance needs, and costs for a specific institution
because patient loads, networking costs, and the prices for medical equipment all vary for
different locations. The customized spreadsheets allowed for any specific group to adjust
this study for their own needs, however the authors used three institutions with varying
case loads to exemplify how their study could determine when costs favor film, favor
digital, and when the two models break even.
The results of this study rest on a number of assumptions. Their model
presupposes that for the digital department in the instance of a large institution:
•

Only 20% of scheduling positions would be cut and that savings would be
gained from greater throughput between the scheduling system and the
R1S (Radiology Information System)

•

80% of hospital records positions would be cut because care providers
would be able to access the patient records from floor HIS (Hospital
Information Systems) stations.

•

Radiology secretary positions would remain unchanged.

•

80% of Radiology transcriptionists would be cut assuming widespread use
of voice recognition systems.

•

Dark room, film, and archiving positions are absent in a filmless
environment.

While maintaining that these assumptions are up for discussion as not all practices
would have all of these same positions and some may be combined, the authors arrive at
some conclusions. For all three institutions that were analyzed, the initial capital costs
were roughly 2 or 3 times higher for digital practice than for film up until about 105
thousand exams per year. At that point the costs of capital for digital only exceeded film
by about 30%. Annual staffing costs increased linearly as a function of case load for both
film and digital departments. However, the annual hardware costs were largely flat for
the digital department, whereas the film department’s costs tracked the case load. As a
result, the breakeven point occurred near 50,000 examinations per year for all three
institutions.

Table 2.1 Cost Summaries for Three Institutions. Langer & Wang (1996)
Capital
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Our third and final model is an evaluation not only between film and digital but
also an upgrade of an existing PACS workstation. The objective of this endeavor was to
compare productivity between three separate environments that included a film
workstation, an original PACS interface with a typical work list display, and a redesigned
PACS interface with an auto-read feature that was intended to enhance work flow at the
PACS server and the PACS workstation.
Gale et al. (2000) make some very incisive observations regarding the importance
of work flow management and its relationship with improved technology.
“In assessing the economic viability and radiologist acceptance o f a picture
archiving and communication system (PACS), it is essential to evaluate how a PACS
interface may effect a radiologist’s productivity. The interface is the primary site o f
interaction between the radiologist and PACS, so it should be well designed and easy to
u s e (Gale et al., 2000)
They go on to point out that although researchers had studied interface design up
to that point, little research had directly evaluated how the interface design affected
radiographic interpretation work flow and radiologist efficiency. This study looked at the
work flow effect of software designed to consolidate keyboard commands that required
multiple mouse clicks for opening and closing cases, marking them as complete, and
retrieving and allocating screen positions to the next case.
This Autoread enhancement contained five function buttons: Read, Cancel,
Opposite Read, Opposite Cancel, and Close. The “Read” button marked the case as
interpreted and instructed the new server to display the oldest un-interpreted exam. The

“Cancel” button skipped the case without marking it as read and brought up the next
oldest un-interpreted exam. The “Opposite Read” and “Opposite Cancel” buttons
instructed the workstation to display the newest exams rather than the oldest exams in the
queue. Finally, the “Close” button enabled the interpreter to exit the automated display
session.
With the Read and Cancel buttons automatically clearing the existing exam from
the screens and displaying new ones, coupled with enhanced capabilities of this feature to
customize the display orders for each user, the hope was that Autoread would improve
efficiency.
Gale et al. (2000) limited the exams in this study to only ICU films in order to
maintain consistency throughout the study, and to assure the existence of historical films.
This is because patients in the ICU typically have one or more examinations per day, and
therefore have at least two or more comparison examinations readily available. The
radiologists were instructed to use as many comparison images as they would during a
typical interpretation session. In all cases, the radiologists used at least two of the three
comparison studies (automated image display, work list display, and manual film
hanging).
The trial was conducted over a period of twelve days. On each day, three
radiologists interpreted the same 10-16 ICU chest films using one of the three methods on
a rotating basis. Each of the cases was manipulated, interpreted, and dictated using
techniques appropriate to the method. The radiologists were blinded to which of the three
dictations would be preserved in the medical records. For each case the inter
interpretation time and interpretation time was measured for each method and statistical

analysis was performed using a mixed design analysis of variants. Pairwise comparisons
of means were conducted using the Newman-Keuls test. (Gale et al., 2000)
The results of the study showed a significant difference in inter-interpretation
between the automated display and work list display as well as the film hanging display
ip < 0.0001). Combining all results showed that there was no reliable difference in inter
interpretation time between the work list and manual film hanging. Previous reports had
suggested a slight time advantage or equivalence using hard copy compared with soft
copy for interpretation. (Gale et al., 2000)
The automated display also proved significantly faster than the other two
methods ip < 0.0001) during actual interpretation time while the work list display did
prove significantly faster than manual film hanging in this area. For total interpretation
time, there was a consistent pattern showing significant improvement using the
automated display than using work list or manual film hanging ip < 0.0001). The work
list display proved faster than manual hanging but only approached statistical
significance ip < 0.01).

Table 3.1 Gale et al., (2000)
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------------ ;— ---------------------- 7 — 7 :------------- — —
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Table 3.2 Gale et al., (2000)
Mean Interpretation Time (sec)

Radiologist
1
2
3
Table 3.3 Gale et a i, (2000)
Mean Total Time (sec)

'
**2

The results of this study suggest that the design of a diagnostic workstation can
have a significant impact on the efficiency with which a radiologist can perform routine
work. Gale et al. (2000) suggest that a portion of the savings in total interpretation time
found with automated display resulted from the radiologist’s ability to use the inter
interpretation time to begin the process of dictation.
“After the single click to mark a study as read, the radiologist could begin
entering the next patient’s identity electronically and verbally in the dictation station
while waiting for the PACS to serve as a film-hanging clerk. ” (Gale et al., 2000)
In addition, Gale et al. (2000) also believed that while this study evaluated only
single-film examinations, they felt that even more time may have been saved in multipleimage examinations due to the fact that multiple exams typically require the radiologist to
search through several folders to obtain the appropriate comparison films. Supplementing
this claim was a follow-up to the study which noted that the same institution involved in

this experiment made the switch to the fully automated display and cut their typical
morning interpretation sessions from three or more hours on average to less than two
hours for the same quantity of work.
Their conclusions, that attention to the details of interface design will have a
significant impact on the cost-effectiveness of a PACS workstation will become crucial to
our own study. The automated image display increased efficiency in image interpretation
and remedied what they described as a “normally cluttered presentation environment.”
The goal in both studies, theirs and our own, is very similar in that our objective is to
improve the radiologist’s productivity.

The Benefits of Improved Technology and the Importance of Workflow
While each of our case studies provided a unique evaluation of the recent
evolutions in the world of radiology, there were also some easily identifiable common
themes that bear consideration. In all three studies, the objective was to quantify the
utility to be derived from technological upgrades. However as many of the articles from
this era suggest, there was often a potentially dangerous pitfall to be had by relying too
heavily on the benefits of that technology unto itself. In nearly all of the instances of
upgrades, whether from film to digital or something more, there remained a need to
understand how this technological change would affect workflow.
Doctors Siegel and Reiner (2003) emphasized the importance of workflow
redesign rather that filmless operation itself as a means to achieve cost reduction and
improvement in productivity.
“Despite the many theoretic advantages o f PACS, many departments that have made the
transition to filmless operation have discovered that although they are saving money by
reducing costs associated with film as well as providing improved image access for
clinicians, they are not achieving overall cost savings or improvements in either
radiologist or staff productivity. ” (Siegel and Reiner, 2003)
They go on to say that without proper integration of PACS into the departmental
work flow or reinvention of the work flow process in the department, the potential gains
associated with the use of PACS cannot be realized. As an example the article points out
that some departments had set up their filmless radiology departments to almost exactly
emulate their film-based departments. Images were still ordered using paper requisitions
that required manual reentry of patient and study information into the RIS. Paperwork

was physically carried to technologists who manually retyped patient identification and
study information into their modality acquisition workstations.
This represented only a small portion of the inefficient workflow structure that
was described in the example but demonstrates how easily these complex and sometimes
institutionalized processes can be overlooked. In 1989, the consulting firm Booz-Allen &
Hamilton conducted a process analysis at the same Baltimore Veterans Affairs Medical
Center described in our first case study. The analysis revealed that 59 steps were required
in the process of requesting, obtaining, reporting, and transcribing a conventional chest
radiograph. With the implementation of PACS, that same process was reduced to just 9
steps. In addition, this resulted in a 20-60% increase in efficiencies of their technologists,
a 50% increase in the clerical staff, and a 40% increase in radiologists.
Siegel and Reiner (2003) maintain that such increases in departmental and
hospital efficiency simply would not have been possible merely with the transition to
filmless operations. Their conclusions were that extensive work flow reengineering was a
necessity. They believed that future versions of PACS software should observe work
flow patterns by clerical, technical, radiologist, and clinical staff members and anticipate
their requirements in such a way as to continue to decrease the number of steps, time, and
frustration associated with routine tasks.

Table 4.1 Workflow chart at the Baltimore Veterans Affairs Medical Center pre-PACS
showing 59 steps required o f 11 hospital staff members. Siegel & Reiner (2003)
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Table 4.2 Workflow chart at the Baltimore Veterans Affairs Medical Center post-PACS
Siegel & Reiner (2003)

Methods of Analysis
Before we begin our look at the project at hand, one matter to be considered is
which standards are typically used in a medical cost-analysis. This becomes an essential
point as we must determine the perspective of the analysis, which costs and benefits
should be included, and the means by which we should conduct the analysis. One thing
that becomes apparent in reviewing previous studies in medicine is that multiple
approaches exist to such systematic analysis. Furthermore, careful consideration and
sensitivity in determining who has standing in the analysis should be given priority as
medicine is not always merely a profit-based business.
Singer and Applegate (2001) examined this topic and provided some applicable
points in this area. The article itself was aimed more at the use of cost-effectiveness
analysis and how it relates to medical decisions and treatments, however much attention
is given to the various types of economic analyses in health care and when they are
relevant.
•

Cost-Minimization Analysis is a comparison of the costs of different healthcare
strategies that are assumed to have similar effectiveness. Although the assumption
of equal effectiveness limits the use of this technique, it occasionally appears in
the radiology literature. (Singer and Applegate, 2001)

•

Cost-Benefit Analysis uses monetary units such as dollars to compare the costs
of a health intervention with its health benefits. Singer and Applegate suggest that
while CBA is a fundamental technique in the world of finance and economics, it

has limited success in health care, at least in this context. The advantages of this
method include valuing everything in the same units, which permits direct
comparison of treatment costs and health benefits. (Singer and Applegate, 2001)
•

Cost-Effectiveness Analysis refers to analyses that consider both cost and
effectiveness, where effectiveness is an objective measure (e.g., the number of
cancers diagnosed or life-years saved). Objective measures of effectiveness may
be preferred in situations in which the time horizon is short and the accompanying
reduction in quality of life is unlikely to have much effect. (Singer and Applegate,
2001)

•

Cost-Utility Analysis is similar to CEA, except that the effectiveness measure is
a subjective measure and explicitly incorporates patient preferences. Ultimately,
all medical decisions are the patient’s and must reflect the values and priorities of
the patient. (Singer and Applegate, 2001)

•

Cost -Identification Analysis enumerates the costs involved in medical care
without considering the outcomes that result. With CIA, the researcher can assess
the costs of alternative ways of providing the same service. Most existing
economic studies of PACS can be characterized as cost-identification analyses
that asses direct costs from the perspective of a radiology department. (Langlotz
etal., 1995)

A second article that touches upon this same topic (Langlotz et al., 1995)
elaborates on the types of costs and benefits that should be considered in economic
analysis within healthcare. The authors suggest that direct, indirect, and intangible costs

and benefits must be measured. Direct costs, such as radiology equipment and salaries,
are usually associated with monetary transactions and represent costs that are incurred in
providing care. Special analytical techniques may be required in determining these direct
costs as the charge for medical care may not accurately reflect the resources consumed.
(Langlotz et al., 1995)
In contrast, indirect costs do not stem from transactions for goods or services but
rather they represent the cost of morbidity (e.g. time lost from work) or mortality (e.g.
premature death). They are costs because they represent the loss of opportunities to use a
valuable resource. Intangible costs are those of pain, suffering, and grief. These can be
extremely difficult to measure so they are often omitted from economic analysis.
(Langlotz et al., 1995)

Current Day
Now that we have completed our look back at several cost-analysis studies from
the first generation of PACS, we can turn our attention to the present and near future. Dr.
Jonathon Lee of Ohio Health Radiology believes that most radiology groups are now at
the point of preparation for the second generation of PACS. As most of the evidence
suggested in the case studies, the improvements to workflow and efficiency proved too
much for virtually everyone to ignore ten to fifteen years ago. Today manual film studies
are all but forgotten. Dr. Lee claims that with the exception of some screen mammograms
and perhaps a few outlying remote practices, nearly everyone now operates under the
digital platform.
As the theory of creative destruction would predict, recent years have seen the
number of available PACS vendors increase dramatically. Each of these vendors claims
to offer more bells and whistles than the last and at a steadily decreasing price than the
one before. While this increase of competition is generally a good thing for radiologists,
it has created some confusion and hesitancy as to when the right time to make the
upgrade should be and what criteria should be considered in this judgment.
In a recent article Cannavo (2010) offered the “Top 10 Considerations for PACS
Replacement.”
1. List the likes and dislikes of your current PACS.
2. What features are not standard?
3. Evaluate Performance Needs.

4. Is faster always better?
5. What features are you missing?
6. Have you also budgeted for performing the migration?
7. How quickly does the new PACS support service respond?
8. Will the new PACS integrate with your existing systems?
9. Project plan: clearly define timelines and delegate responsibilities.
10. Contract: make sure the contract defines expectations and penalties.
(Cannavo, 2010)

Dr. Lee argues that the advantages to improved PACS do not stop with merely a
handful of new insignificant features however. Many large groups today are searching for
a PACS that offers improved interconnectivity with multiple servers in other hospitals
and offices. This allows the system to more efficiently “pull” images from other PACS
within a network. Dr. Lee says that most first generation PACS fail to accomplish this
without bogging down the system to some extent. This becomes an important feature as a
trend has emerged where larger radiology groups have begun to overtake smaller ones.
Better connectivity means that images are more easily shared, and eliminates the need to
have radiologists on site at smaller facilities. Improved interconnectivity can help create
24-hour availability for even the most rural of hospitals at a sizeable discount.
Furthermore, advancements in interconnectivity are opening up a whole new set
of options as far as the physical workplace goes. Ohio Health Radiology represents one
of a growing number of groups who are experimenting with the concept of allowing their
radiologists to work remotely from their homes. While some of the earlier generation

PACS may have offered this feature, some of the coding technology used to upload
images was sub-par at best and limited the feasibility of this movement. Many of the
newer vendors are far superior in this technology and promise to improve not only the
lifestyle of the radiologists, but also help to push the certainty of the 24-hour availability
of doctors to read exams and return results more efficiently.

Project Overview
Turning now to the project at hand we begin an examination between two PACS
providers. Ohio Health began a relationship with its current provider, Fuji, in 1999 for
some of its ER examinations. By 2004, Ohio Health was completely film-less. This
PACS system, known as “Synapse” was considered top of the line for that era. It offered
digital imaging for nearly every type of exam, interconnectivity, and remote access to the
server - a big selling point at the time. To their credit, Fuji has provided a number of
upgrades to Ohio Health in the years since and has expressed some willingness to
improve upon its product as needs have changed. However as mentioned previously, the
competition has increased in recent years and we are now seeing the first large wave of
radiology groups looking to make the change to an improved system and in many cases,
an entirely different provider. Ohio Health is one of the groups exploring these options.
Over the last couple of years, Ohio Health has looked into a number of new
providers and considered what each of them might bring to the table for their business.
One of those, AMICAS Inc., appears on the surface to be perhaps the best match for the
group. AMICAS describes themselves as the leading independent provider of imagining
IT solutions, offering a comprehensive suite of image and information management
—

solutions.
Their most recent version of PACS has a number of features that have attracted
the members of Ohio Health to their product. These include but are not limited to 3-

7 http://www.amicas.com/about/

dimensional imaging and the most current coding technology in loading images. They are
the leading provider for “pulling” images, the best available match for easily sitting atop
of the existing HIS (Hospital Information System) and RIS (Radiology Information
System), and perhaps most importantly they offer the best interconnectivity option for
Ohio Health as they look to expand their reach to other hospitals in the surrounding areas.
AMICAS also offers some new possibilities for speed through customization that
Fuji has been unable to deliver to this point. While it is certainly true that speed isn’t
everything in radiology, in this instance there are certain advantages to this feature that
may suit the business development plans of the company in the near future. As suggested,
Ohio Health represents one of the radiology groups that have been steadily growing and
purchasing some of the smaller, less efficient groups in the central Ohio area in recent
years. Ohio Health now provides radiology services to hospitals in Circleville,
Springfield, and Morrow County just to name a few, with more to come in the
foreseeable future. The need for improved workflow and efficient turnaround times has
never been greater. It is the consensus opinion amongst the group that better speed and
customization is needed to achieve these goals and to maintain the servicing needs of the
organization.

Introduction of Variables
One particular need that has been identified in terms of improved customization,
has been the desire to eliminate some of what has been deemed “unnecessary”
reorganizing of exam reads that each radiologist must navigate during their sessions.
Similar to the case study on Auto-read, the existing PACS limits the doctor’s ability to
customize their views and requires additional mouse clicks that slow the process down. In
most cases these are only a matter of seconds, but over the course of days, weeks, and
months this wasted time accumulates and reduces the number of reads the radiologists
can accomplish.
A meeting between Dr. Lee and the manager of Fuji’s technical support staff for
Ohio Health established the desire of the group to improve upon these standards. A six
week study followed in which Fuji’s technical support group attempted to identify how
much of the process could be improved upon. Concurrently, Dr. Lee and some others
began to evaluate how much time was being exhausted in the effort of reorganizing the
exams to accommodate their needs.
A total of 94 different types of CT and MRI examinations were considered in this
survey. Each exam was timed with a stopwatch multiple times and an average was taken
of the time elapsed during the undesired reorganizing of the exams. Tables 5.1 & 5.2
show the results of this survey and estimates over the course of a full year, how many
total hours can be expected to be lost for each type of exam based on the number of reads
for each in 2009.
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Fuji returned with an estimate that they could resolve approximately 70% of the
workflow issues by devoting roughly 200 man hours to the project at a cost of $46.80 per
hour. The upgrade would also require an annual maintenance review that would
necessitate 60 hours of service at that same rate. The remaining 30% was declared to be
unattainable as it is hard-coded to the software itself.
Concurrently, Dr. Lee spoke with a representative at AMICAS regarding these
shortcomings of Synapse. Similar to what was presented to Fuji, AMICAS reviewed the
workflow for these exams and were asked to estimate what percentage of the gaps they
felt comfortable saying their PACS could eliminate. AMICAS retuned to Dr. Lee with a
confident estimate that between 97 and 100 percent of the gaps could be improved upon,
leaning closer to 100%.
While this figure may seem aggressive or optimistic, Dr. Lee explains that the
differences between these two systems lie primarily in the naming schemes for the
exams. In order for a doctor to call up an exam the PACS must first determine what the
exam is called within the system. AMICAS maps the exams using a character for
character coding scheme according to the DICOM standard, thereby eliminating much of
the guess work. This reduces combinations to approximately 2,000 possibilities for all
exams, compared to as many as 2,500 for chest exams alone and more than 100,000
possibilities overall under the Fuji platform. This slow process has handicapped the
radiologists in terms of how they choose to order the cases they review. Dr. Lee has
confirmed with other groups who have adopted the AMICAS platform that this problem
has been resolved by their switch and that the 97-100% figure is reliable.

Methodology
At this point it had become apparent that this project had taken on many of the
same characteristics of the case studies we visited above. Some form of cost-analysis was
going to be called upon in order to decide which of these two vendors had more to offer
the group in the short and long term.
Case Study #1 evaluated the improvements realized at the Baltimore Veterans
Affairs Medical Center in the early 1990’s as a result of the switch to filmless study. The
authors pointed out that radiologists have been taught that the best way to increase or
maintain referrals for imagining examinations is to decrease report turnaround times,
decrease patient waiting times, and provide easier access to images and reports. All three
of these concepts are trying to be accomplished in this instance. The major difference
between what the authors of that case study were trying to accomplish versus what Ohio
Health is trying to understand is that the authors of the case study were reviewing the
information from an ex-post perspective. Unfortunately, Ohio Health must rely on the
available estimated data, rendering this project an ex-ante evaluation.
Case Study # 2 also provides valuable guidance for this project. The concept of
creating a customizable spreadsheet to help calculate costs and benefits is nothing new.
However this simplistic approach might be the best method to help the group accomplish
the same goal that the authors of that study were after, finding a break-even point at
which Option “B” overtakes Option “A.” This study also measured costs in a manner that
could be beneficial to Ohio Health considering each upgrade would require not only an

initial upfront fee but also annual fees and staffing considerations for the service and
maintenance of the system in the near future.
Finally, Case Study #3 probably comes the closest to this project in terms of
trying to realize the same outcome of improved workflow while drawing comparisons to
not only film versus digital, but also digital versus a customizable upgrade. That study
proved that Autoread was superior to the work list method at improving upon efficiency
by allowing the radiologists to tailor their display orders. It concluded that attention to the
details of interface design can have a significant impact on the cost-effectiveness of a
PACS workstation. Again, this case study had the advantage of reviewing the evidence
from an ex-post perspective but the goal and the circumstances are very similar.
Our own study will borrow theory and methodology from each of these studies. In
its simplest form, the lesson to be learned from Case Study #1 is that decreasing
turnaround times will yield greater profits - ultimately what the radiology group is
looking for here. Flowever our project will most closely resemble the methods behind
Case Study #2, as we attempt to create a relatively customizable spreadsheet that can be
manipulated to better understand the options the group is facing. The hope is that we can
present the partners with not only interchangeable scenarios between systems, but also a
number of possibilities in terms of when they could make the switch as well as provide
some sensitivity analysis with those choices.

Standing
As we have discussed at several points throughout this analysis, the concept of
standing within this project must be carefully considered. Most cases of cost-benefit
analysis in medicine carefully toe the line between what will benefit the medical
institution financially and what will benefit the treatment of patients. For that reason costeffectiveness analysis or cost-utility analysis are often the preferred methods of
evaluation. In this instance however, quantifying the secondary benefits realized by
patients would be extremely difficult and ultimately irrelevant because they are far
removed from the product.
Ohio Health Radiology is in essence a private organization that works within the
confines of the larger hospital community. They provide a service to those hospitals and
are compensated in a traditional fee-for-service model. Therefore it is in their best
interests to increase utilization both in terms of volume and quality so that their business
and profits can continue to grow. For these reasons it seems a cost-benefit analysis will
be most relevant, allowing an evaluation in monetary units to compare the costs of these
upgrades to the perceived financial rewards.
This project will represent only a small subset of the larger business plan of the
group to improve their workflow and develop their technological capabilities. While it is
clear that patients will be affected by the outcome of this initiative, this is ultimately a
business decision to be made by Ohio Health Radiology, financed by that group, and

directly impacting the profit margin of the group for better or worse. Therefore, standing
in the project belongs solely to them.

Dr. Lee proclaims that the designated “break-even” rate for reviewing the exams
is approximately $500. This is the rate designated by the group at which malpractice
insurance, salaries, benefits, and overhead expenses are covered. Using the rate of $500, a
picture begins to emerge as to how much savings Ohio Health stands to gain from each
PACS provider. The survey revealed that approximately 714.51 hours were lost during
the year (588.39 for CT & 126.12 for MR) while the doctors reordered each of the cases
into their required arrangements. Fuji pronounced that they could recoup 70% of this time
with their patch to the existing system.
According to Dr. Lee, Ohio Health Radiology anticipates a 15-20% growth rate
each year over the next 10 years. In order to accurately capture the full spectrum of this
growth, we projected the estimated benefits to be realized each year at 15% and 20%.
Therefore in the calculations that follow, the total hours lost increase by either 15 or 20%
each year as the volume of exams continues to grow. As an example, at 15% growth the
number of total hours lost increases to 821.69 in year one and 944.94 in year two.
(714.51 x 15%) + 714.51 = 821.69
(821.69 x 15%) + 821.69 = 944.94
If Fuji were to successfully recoup 70% of this time with their patch, the group
would receive a benefit of $287,590.28 in year one.
821.69x70% = 575.18

575.18 x $500 = $287,590.28
Using a discount rate of 5.24%, which is the current rate the group is receiving for their
line of credit, the annual benefits are then adjusted to their net present value.
$287,590.28/ (1.0524) = $273,270.88

AMICAS estimates that between 97 and 100 percent of the lost hours can be
recouped from their new PACS, and that it is more likely to be closer to 100%. At 100%,
the new AMICAS platform would yield approximately $410,843.25 in year one or
$390,386.97 in present value dollars.
821.69 Hours x $500 = $410,843.25
$410,843.25/ (1.0524)= $390,386.97

As mentioned earlier, Fuji also estimated that their upgrade would require about
200 hours of manpower devoted solely to this project. Their staff receives a wage of
$36.00 per hour and another $10.80 in benefits. In order to accomplish this project, Fuji
says it will require one of their techs to be pulled from his usual work routine. This will
result in some opportunity cost for lost labor.
200 Hours x $46.80 = $9,360.00 (initial cost)
60 Hours x $46.80 = $2,808.00 (annually)
AMICAS on the other hand will naturally cost the company significantly more in
the short run. The initial, upfront cost of the new PACS will run Ohio Health $964,050
plus $94,500 in conversion maintenance costs during the first year and $168,300 during
years 2-5. It should be noted that Ohio Health Radiology has a department devoted
towards their technical support needs that would remain intact regardless of which PACS
platform is chosen. While the responsibilities of that team may change, the group does
not anticipate any additional support costs or licensing costs of significance past the fifth
year for AMICAS.
In addition after speaking with Dr. Lee, it would be the preference of the group to
cover the upfront fee of the AMICAS switch all at once rather than finance the costs
using the company’s line of credit. Although this possibility presents another option that
could be explored taking into account the interest rate to borrow, all of the scenarios that
follow reflect a one-time payment for that initial fee out of the group’s bonus pool.

Results
Based on this information we can begin to project what total net benefits can be
realized from a number of scenarios. At Dr. Lee’s request, the first two scenarios are
carried out long enough to determine the point at which Option B (AMICAS) surpasses
Option A (Fuji) in total net benefits. We evaluated how each option performs first under
15% annual growth for the group and then at 20% annual growth over the next decade.
The detailed calculations can be found directly following each explanation.

Options A & B at 15% Annual Growth
Option A suggests that at a sustained 15% growth rate, and recouping 70% of the
lost hours, Fuji would yield $4,206,479.83 in total benefits over the next 10 years after
discounting to the present value of money. At that same growth rate, but recouping 100%
of the lost time, AMICAS (Option B) would yield $6,009,256.91. AMICAS however has
significantly higher costs in the short term, $1,617,766.63 for the initial costs and setup
fees in years 1-5, compared to just $30,792.13 for Fuji. For this reason, it will take ten
full years before AMICAS becomes the more profitable solution.

TNBfor Fuji (Option A) = $4,206,479.83 - $30,792.13 = $4,175,687.71
TNB for AMICAS (Option B) = $6,009,256.91 - $1,617,766.63 = $4,391,490.28
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The second scenario is conducted in the same manner but instead considers the
high end expectations for growth in the group over the coming years at 20%. In this
instance, Fuji (Option A) would yield $3,776,819.59 in total benefits over eight years.
AMICAS (Option B) would generate $5,395,456.56 in that same time. Fuji would
generate $27,333.92 in costs, while AMICAS would remain $1,617,766.63 for the first
five years. Only Fuji’s costs will fluctuate from the first scenario because Fuji will
always require a minimal annual maintenance fee. The 20% growth rate allows AMICAS
(Option B) to surpass Fuji (Option A) two years earlier because AMICAS will be fully
realizing the additional benefits to be enjoyed from faster growth within the group. The
more exams there are for the group to evaluate, the more palpable the Fuji disadvantage
becomes.
TNBfor Fuji (Option A) = $3,776,819.59 - $27,333.92 = $3,749,485.67
TNB for AMICAS (Option B) = $5,395,456.56 - $1,617,766.63 = $3,777,689.93
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Results fo r Options AB at 15%
The final four evaluations investigate the possibility of a combination between
Options A & B. As Dr. Lee suggests, it is reasonable to believe that the group may wish
to hold off briefly taking on the high costs of the switch to AMICAS for a few years. This
would allow the group to develop a better idea of the direction and momentum of the new
business plan and allow them to save up for the bulk of the transition costs. At his request
these final four studies will delay the switch by three years. Using the same methodology
as the previous evaluations, we looked at what 15 % growth would mean if the group
waits, then makes the switch to Option B.

Results fo r Option AB at 15 %for 8 years
At 15% in the three years the group remains with Fuji, they will net $898,192.74
in benefits adjusted for time and accrue $16,972.62 in costs. After the switch, AMICAS
will help the group realize 100% of the lost time and $3,065,212.19 in benefits during
years 4-8 (adjusted for time). AMICAS will cost slightly less than in the other scenarios
O

(assuming that AMICAS doesn’t raise their prices over the next three years) because of
the discounted time value of money. The AMICAS portion of the evaluation costs
$1,387,948.50 and is combined with the $16,972.62 from the three years of Fuji, totaling
$1,404,921.13.
Combining the benefits of Option A & B, as well as the costs during the eight
year span reveals a total net benefit of $2,558,483.80.

8 This scenario assumes that AMICAS will not raise the price of the initial installment costs or subsequent
fees for years 1-5 during the next three years. An increase in these costs would result in a comparable
increase to the total costs o f the project adjusted for the time value o f money, and a reduction in the overall
total net benefits.

Table 6.3 Cost-Benefit Calculations fo r Options AB at 15% for 8 years.
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At 20% growth, only the benefits will increase. Fuji will yield $981,044.23 and
AMICAS $3,993,964.80 during that same eight year cycle adjusted for time. This would
mean a total net benefit of $3,570,087.90.

TNBfor Fuji/AMICAS (Option AB) = $4,975,009.03 - $1,404,921.13 = $3,570,087.90

Table 6.4 Cost-Benefit Calculations for Options AB at 20% for 8 years.
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Results fo r Options A B at 15% for 10 years
For the sake of completeness, we look now at what can be expected from
extending the previous two evaluations out to the ten year mark. Again Fuji (Option A)
generates $898,192.74 in total net benefits at 15% for the first three years of this
combination. Costs for this evaluation remain the same ($16,972.62 for Fuji and
$1,387,948.50 for AMICAS delayed by three years). No additional costs are expected
past year 5 after the conversion. This means that AMICAS will yield 100% of the
benefits during years nine and ten.
TNB fo r Fuji/AMICAS (Option AB) = $5,624,317.16 - $1,404,921.13 = $4,219,396.03

Table 6.5 Cost-Benefit Calculations fo r Options AB at 15% fo r 10 years.

Option A

(FUJI)

i

i..........‘
Y ea rt
Year 2
Y ear 3

15%

r

_

C o '-.H 3

T

Yew 4
Year 5
Y e a rS
Year 7
Y ear 8
Year 9
Year 10

1
Co ste A

TX
821.09

I
70%

944.94
1088.88

70%
70%

T
«2-. 9.63
1437.13
1352.71
1990,61
218 5,70
2313.53
28S0.S3

100%
100%
100%
100%
100%
100%

575.18
861.46
760.66

I

i1 *-_*
initial

P

$500.00
*500.00

I
46.80
48.80

eo $

. . .

I

-

1249.68
1437.13
1652.71
1900.61
2185.70
2513.56
2890.59

1

- .

$500.90
gsoo.co
$500.00
$500.00

$
$

'jOp-.'cT' aeT~ ' 7

S

I

C b sro •

I

t

.

$1,445,295.73

|

I

- ’cV i i V

vvV fj

A

. ■- -

1.0524
( '

r..... ................. ■i

1

"273.21j ".j
%

j O S .u w I
$32®,3

I

|

3

$503,325.20
,«=6,023.73!
$608,2 .7. '

S664.65&0O
■-725 A7.'i 2
$ 7 9 3 ,654.21

3C37
,
7 1 3 .C 2

.
$9,360.00
$7,61 2.52
$16,972.62

I
$964,050.00
$39,794.75
-$563,921.87
$1,617,766.63;

1.0524
1.0527

1

I
827,098.13
81,075.44
144,381,48

1
1.0524
1.0524
1.0524

P
1.0524
1.0524
1.0524
1.0524
1.0524
1.0524
1.0524

f
4
5
8
7
e
9
10

|

|
$
1
$

1
$624,841.23
$718,567.41
$826,352.52
#950,305.40
$ 1 ,0 9 2 ,8 5 0 1

*1,256.778.89

$ 964,050.00
S 64,500.00
$ 168,300.00

1
Year 2-5

Y ew

T
1
2
3

1
9,360,00
2,806.00

I

I

I

$500.00
$500.00
1500.00

I

1
$287,590.28
$330,728,82
$380,338.14

i

■ ..............J L

100%

200( $

initial
Annual

I
|C<a«t»8+3 InHial

!
S500.00

»

_
“

Option B
(AMICAS)
15%

-■

...

i
1.0524
1.0524

$827,093.1
377,033.81
$433.61'1.76
$1,387,943.50

Finally, increasing the annual growth rate to 20% for ten years proves only to
increase the total net benefits more. Fuji yields $981,044.23 and AMICAS,
$6,485,383.13. The costs again remain the same as they are not influenced by the growth
rate and cease after year five following the conversion to AMICAS.
TNBfor Fuji/AMICAS (Option AB) = $7,466,427.36 - $1,404,921.13 = $6,061,506.23

Table 6.6 Cost-Benefit Calculations for Options AB at 20% for 10 years.
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Variability
One final note before closing should be made regarding the possibilities of some
unforeseen variability that exists within these models. By now it is clear that fluctuations
in the anticipated growth of the group play a significant role in determining how quickly
the total net benefits increase and subsequently how quickly AMICAS becomes the more
profitable choice. In using both 15% and 20% in the model we have attempted to capture
the full range of expectations for growth over the next decade. However it should be
understood that deviations from this range will result in different outcomes. Slower
growth will naturally reduce total net benefits over a given time and faster growth will
yield greater net benefits.
It also should be understood that growth rates are not likely to remain steady
throughout the time frame and that the further into the future the model goes, the less
reliable the estimates of growth become. It is more likely that the estimated 15%-20%
growth is accurate for year one than it is for year eight or nine.
The same can be said for the rate we have used to determine the present value of
money. In all of our scenarios we used the 5.24% that the group receives for their line of
credit. This is because it represents the rate of return the group could expect to receive if
they invested their money in the line of credit rather than using it for this project.

However, that rate is also susceptible to change, especially in uncertain times such
as these. A swing in that rate could have direct impacts on the outcomes of all of these
scenarios.
Put simply, the lower the rate goes, the higher the future values (for both benefits
and costs) will become and vice-versa. This is because as the discount factor approaches
“1”, the value of a dollar in the future becomes less discounted. As an example let’s look
at what happens to the total benefits of AMICAS in year one assuming 20% growth and
reducing the discount factor to 3% instead of 5.24%.
$428,706.00/ (1.0524)= $407,360.32
$428,706.00/ (1.0300)= $416,219.42
The reduction in the rate to 3% has increased the present value of the benefits one
year from now. What this means for the analysis is simple, if the rate at which the group
borrows decreases, the benefits and costs in the future will increase for all scenarios.
Based on that, since AMICAS tends to realize higher benefits than Fuji in the future,
AMICAS could expect to realize greater total net benefits than Fuji if the rate should
lower and possibly surpass Fuji in a shorter span of time. The opposite would hold true if
the rate should increase beyond 5.24%.
Again it can be difficult to project what this rate may look like towards the end of
the decade we are evaluating, but an understanding of how the fluctuations might impact
the model is imperative.

Conclusions
While our analysis is complete, Ohio Health Radiology still has a number of
decisions to make in the near future. The group is resolved to continue their expansion
into the surrounding areas with the aid of 24-hour remote access, improved
interconnectivity, and progressive efficiency in workflow. The importance of workflow
should not be taken lightly. As mentioned in the overview on workflow, an inherent
danger exists in realizing only the cost savings directly tied to technological
advancements and ignoring the savings to be realized through developing better
productivity. This project has targeted a specific element of the group’s workflow and
attempted to identify how the available options can improve that element. It is not meant
to be taken as a comprehensive evaluation of the products themselves. The overall
importance and reach of the groups’ PACS should be understood at this point. For that
matter, it should be easy to see why there are so many other things to consider.
The choices related to this project however do create a reasonable picture of
what costs and benefits the group faces in the short and long term. It is clear that the
switch to AMICAS will not come cheap and will not be paid for overnight. The first two
scenarios tell us that it will take somewhere between eight and ten years before AMICAS
would turn the comer and surpass the total net benefits of Fuji during that time. The patch
that Fuji has offered to make to the existing software definitely makes a compelling

argument to remain with the status quo in the short run by improving on 70% of the lost
time. Is that enough to keep the group from making the switch?
The key component in this study is the anticipated annual growth rate that the
group has forecasted for the coming years. As the results indicated, the difference
between the high-end estimate of 20% and the low-end estimate of 15% will mean a two
year difference before AMICAS becomes the more profitable option. While this may be
out of the group’s direct control, it should give them some idea of what they can expect
as they continue to pursue new business. Furthermore the group should understand that
all of the scenarios created in this model are highly dependant on the accuracy of their
projected annual growth. In speaking with Dr. Lee, he reassured that the group has
achieved a steady 18-19% growth over the previous five years and the group anticipates
that trend to continue in the foreseeable future.
The final four scenarios were designed to give the group a better picture of what
postponing the switch to AMICAS for a few years would mean compared to a definite
decision now. It is clear from the results that while postponing the switch may be cheaper
in the three years leading up to it, the delay will prove costly when compared to either
option over eight years. Even if the group were to experience 20% growth during the
eight years, it would still only yield $3,570,087.90 compared to $3,749,485.67 for eight
full years of Fuji and $3,749,485.67 for eight full years of AMICAS.
The final two scenarios show that the combination of the switch should either
have nearly closed the gap or surpassed any of the original options to support Fuji or
AMICAS alone. At 15% growth the combination scenario yields $4,219,396.03 in ten
years time. This is greater than Fuji during that same span and same rate ($4,175,687.71)

and less than $200,000 short of the ten years of AMICAS on its own ($4,391,490.28). At
20% growth the combination option becomes even larger at $6,061,506.23. It is obvious
that as time goes on, the 15-20% growth begins to compound, allowing the full benefits
of 100% improvement to be realized to their maximum potential with AMICAS.
There are also some hidden advantages to holding off on the switch. Although
subtle, by holding off on the switch the costs of AMICAS are reduced since they are
discounted by the time-value of money. It’s not a large amount of money, somewhere
around $300,000 in all but it is relevant. It seems just as likely that in three years time
AMICAS would raise the price of their conversion costs. This is a gamble that the group
takes in postponing the switch. The opportunity also exists as mentioned earlier for the
group to save up funding to offset some of the initial costs associated with AMICAS. It
seems practical that the group might choose to save the benefits realized from the Fuji
patch for three years and devote those funds to the conversion costs.
The Radiology group at Ohio Health clearly is committed to expansion. With
expansion comes additional workload and a responsibility to continue to provide the level
of service in which their existing clients are accustomed. A larger workload will suggest
that the current inefficiencies will only become emphasized and create greater stress on
the current system. The group is to be commended for their proactive approach at
remedying what currently amounts to only a mere nuisance and a few extra seconds spent
on each exam. By identifying these small inefficiencies the group has positioned
themselves to make an educated assessment of how they can make the most of the
technology available to them.
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